ABSTRACT: Bacterial metabolic rates were assessed at the entrance to Guanabara Bay, SE Brazil, during the summer (i.e. wet) season, in order to evaluate short-term effects of tidal oscillation on the magnitude of carbon flow through the bacterioplankton. Bacterial production (BP), respiration (BR) and abundance, phytoplankton production and biomass, particulate and dissolved organic matter (POM and DOM) concentrations and elemental composition, nutrient concentrations and hydrological profiles were estimated at a fixed station during 3 consecutive days with intervals of 3 h, in surface and bottom (20 m) layers. The study period covered the end of the spring tide and the beginning of the neap tide. Bacterial metabolic rates were highly variable, and a small fraction of the dissolved organic carbon (DOC) pool was used by bacterioplankton (DOC turnover: 23 to 71 d). The input of allochthonous DOC, inferred from DOM elemental composition (C:N:P surface~1 50:9:1; C:N:P bottom 245:6:1), and temperature were the main controlling factors of bacterial carbon metabolism. Although the magnitude of carbon flow through the bacterioplankton was highly variable, there were nevertheless consistent differences between layers. At the surface, the particulate organic carbon (POC) production (~14.3 µM C h -1 ), mainly due to phytoplankton, was higher than BR, and bacterioplankton acted equally as POC producers and DOM remineralizers (bacterial growth efficiency ~52%). Near the bottom, BR was equivalent to total POC production (~0.3 µM C h -1 ) and higher than BP (~0.05 µM C h -1 ), and thus bacteria acted mostly as a DOM sink. This study highlights the importance of short-term variations in carbon flow through bacteria for understanding the carbon cycle of estuarine systems.
INTRODUCTION
Heterotrophic bacterioplankton constitutes the dominant fraction of plankton biomass and is also a key compartment in carbon cycling through aquatic systems (Ducklow 2000) . Besides converting dissolved organic matter (DOM) into a food source for higher trophic levels, these organisms are important inorganic carbon (CO 2 ) suppliers via organic matter oxidation. The magnitude of carbon flow through bacterioplankton must thus be estimated with simultaneous measurements of bacterial production (BP) and respi-ration (BR), which represent, respectively, the amount of carbon incorporated into bacterial biomass and that used for ATP generation and thus lost as CO 2 (Jahnke & Craven 1995 , del Giorgio et al. 1997 .
The sum of BP and BR provides an estimate of the total amount of organic carbon assimilated by bacteria, the bacterial carbon demand (BCD), as well as the proportion of carbon actually converted into bacterial biomass, the bacterial growth efficiency (BGE). The latter is a measure of the physiological state of bacterial cells, and can also be used as an indicator of the bacterioplankton role in a system: a high BGE indicates that bacteria are more important as a source of particulate organic matter, while a low BGE indicates that they act mainly as a sink of organic matter and a source of CO 2 and other inorganic nutrients (del Giorgio & Cole 1998) .
Estuaries and coastal bays are complex hydrodynamic systems, under both oceanic and terrestrial influence, driven by riverine input on the one hand and tidal oscillation on the other (Dyer 1997) . Moreover, these systems are important sources of organic matter and energy for the adjacent oceanic areas (McLusky 1989) . Guanabara Bay, SE Brazil (22°50' S, 43°10' W), receives high loads of nutrients and organic material from riverine sources and from domestic and industrial sewage inputs. As a consequence, this system is characterized by high phytoplankton and bacterial biomass and production (Valentin et al. 1999b , Paranhos et al. 2001 . Furthermore, variations in tidal amplitude result in distinct circulation patterns within the bay. During spring tide, tidal currents represent the main driving force of transport at the entrance to the bay, while, during neap tide, freshwater discharge from the inner portions of the bay becomes equally important (Bergamo 2006) . We hypothesized that the hydrological variations at the entrance to Guanabara Bay would affect nutrient and organic matter distribution and, thus, bacterial metabolic rates and carbon consumption dynamics.
Studies concerning bacterial carbon metabolism using simultaneous measurements of BP and BR in tropical systems are scarce. Furthermore, most studies developed in temperate areas used broad spatial scales and low temporal resolution (e.g. Lemée et al. 2002 , Reinthaler & Herndl 2005 . The aim of the present study was to use a shortterm, highly resolved temporal survey to evaluate the effects of tidal oscillation on the magnitude of carbon flow through bacterioplankton at the transition area between the bay and the coastal ocean.
MATERIALS AND METHODS
Study area. Guanabara Bay (Fig. 1 ), in Rio de Janeiro state, Brazil (22°41' to 22°56' S and 43°02' to 43°18' W), is 36 km long and 29 km wide, with a surface area of 400 km 2 and a water volume of approximately 3.0 × 10 9 m 3 (Amador 1997 ). This system experiences steep spatial gradients from the entrance to the inner bay, in terms of salinity (37 to 13.5), dissolved oxygen (DO: 15 to 0.0 mg l -1 ), phosphate (P-PO 4 : < 0.03 to 308.0 µM), ammonium (N-NH 4 : < 0.03 to 650 µM), nitrate (N-NO 3 : 60.0 to < 0.03 µM) and chlorophyll a (chl a: 4.0 to 150 µg l -1 ) (Mayr et al. 1989 , Paranhos et al. 1998 . Water depth varies from 25 m at the entrance to <1 m in the inner areas, and tidal current speeds vary from 80 to 150 cm s -1 at the entrance, which is only 1.5 km wide, to < 30 cm s -1 in the inner areas (JICA 1994) . Freshwater discharge originates from 35 rivers and streams, and ranges from 40 m 3 s -1 during the dry season (winter) to 190 m 3 s -1 during the wet season (summer) (Kjerfve et al. 1997 ). Experimental design. A high-resolution survey, over 3 consecutive days with intervals of 3 h, was conducted during the wet season at a fixed station (22°54' S, 43°09' W) located near the entrance to the Guanabara Bay's main channel (Fig. 1) . The period chosen for the present study spanned from the end of spring tide to the beginning of neap tide, as indicated by the tidal oscillation record provided by the Brazilian Navy Hydrography and Navigation Department (DHN; Fig. 2 ). Water samples were collected with Niskin bottles (10 l) at the surface and near the bottom (20 m) for DO, nutrients, dissolved and particulate organic matter (DOM and POM), chl a and bacterial abundance (BA) analyses, and for primary production (PP), BP and BR incubation experiments. Temperature, salinity, density and irradiance profiles were simultaneously obtained using a Seabird Seacat 19 CTD system. Water-column stability was estimated from the density difference at the bottom and surface related to the average density:
Sample analyses. DO content was estimated on board using Winkler titration (Aminot & Chaussepied 1983) , and nutrient concentrations were determined in the laboratory within 12 h of collection, following the methods proposed by Grasshoff et al. (1983) for N-NO 2 , N-NO 3 , P-PO 4 and silicate (Si-SiO 4 ) and by Parsons et al. (1984) for N-NH 4 .
DOM and POM contents were evaluated as their elemental compositions: dissolved and particulate organic carbon, nitrogen and phosphorous (DOC, POC, DON, PON, DOP and POP, respectively). Samples were filtered through pre-combusted (450°C for 3 h) GF/F filters. Filters were stored at 8°C, and filtrates were preserved in phosphoric acid (10% H 3 PO 4 ) and refrigerated in amber bottles on board. PON and POC were determined using a Perkins Elmer Series II CHNS/O Elemental Analyzer, and POP was determined after digestion of the filters with potassium persulphate. DOC analyses were performed on the filtrates after further sample acidification (2 N HCl) and sparging with ultra-pure air, by high-temperature catalytic oxidation with a TOC-5000 Shimadzu Total Carbon Analyzer. Total dissolved nitrogen (TDN) and total dissolved phosphorus (TDP) were determined after digestion of the filtrates with potassium persulphate. DON and DOP were calculated by subtraction of the sum of nitrogen inorganic forms (N-NO 3 , N-NO 2 and N-NH 4 ) from TDN and P-PO 4 from TDP. The reproducibility of these analyses was estimated using 3 replicates, yielding an analytical variability < 2%.
Samples for chl a were filtered through 0.45 µm cellulose membranes subsequently stored in cryogenic vials in liquid nitrogen on board. In the laboratory, chl a contents were determined using a Turner Designs fluorometer after 18 h acetone 90% extraction at 4°C, following Parsons et al. (1984) .
Bacterial abundance was determined using flow cytometry following del Giorgio et al. (1996) . Water samples (1.7 ml) were preserved in sterile 2.0 ml screwcap tubes with 2% paraformaldehyde for 30 min and then stored in liquid nitrogen. In the laboratory, samples were thawed, stained with Syto 13 at 2.5 µM final concentration, and run, after 15 min staining in the dark, in a CyAn ADP (Dako) flow cytometer with a laser emitting at 488 nm. Fluorescent latex beads (1.58 µm diameter) were used for calibration (Lebaron et al. 1994) .
PP was estimated using the 14 C uptake method (Steemann-Nielsen 1952) . Samples were incubated in situ in 60 ml polycarbonate bottles (2 light and 1 dark) with 10 µCi NaH 14 CO 3 . At the end of 3 h incubations, samples were filtered through 0.45 µm cellulose membranes, which were placed in scintillation vials and stored frozen on board. In the laboratory, 1.0 ml of 1 M HCl was added, and the vials were left open for 12 h for removal of 14 CO 2 that was not incorporated. After addition of scintillation liquid, isotopic activity was determined using a Packard Tricarb 1600 TR scintillation counter, with internal calibration and quench correction.
BP was assessed following Smith & Azam (1992) . Triplicate samples (1.7 ml) were incubated for 1 h in sterile 2.0 ml screwcap tubes with L-[4, 5- ) at a 10 nM final concentration, based on previous saturation curves (Gonzalez et al. 2000) . One tube was amended with 90 µl 100% ice-cold trichloroacetic acid (TCA) as a killed control. The incubations were performed in separate thermal boxes, 1 for each sample depth, in order to preserve in situ temperatures. At the end of 1 h, the incubation was stopped by addition of TCA, and the tubes were immediately frozen on board. In the laboratory, samples were processed and the iso- topic activity was determined in a Beckman LS6000SC scintillation counter, with internal calibration and quench correction. Bacterial carbon production was calculated using a protein/carbon conversion factor of 0.86 (Simon & Azam 1989) . Bacterial specific production rates (BSP) were calculated as the ratio of BP to bacterial abundance. Samples for determination of BR were filtered through 1.2 µm polycarbonate membranes and distributed into 150 ml bottles. One of the 3 bottles, representing initial DO concentrations, was immediately fixed with Winkler reagents (manganese sulphide and alkaline iodine), while the other 2 were incubated in situ in the dark (wrapped in aluminium foil and black plastic bags) for 24 h. After incubation, the bottles were immediately fixed with the same reagents and the oxygen concentration was determined using Winkler titration (Aminot & Chaussepied 1983) . Respiration rates were estimated using a respiration quotient (RQ) of 1.0 (Biddanda et al. 1994) . Bacterial specific respiration rates (BSR) were calculated as the ratio of BR to bacterial abundance; BCD was calculated as BP + BR, DOC turnover through bacterial consumption as DOC/BCD, and BGE as BP/BCD (del Giorgio & Cole 1998).
Data analyses. Differences within each variable at each tidal phase (high, ebb, low and flood), period (spring, transition and neap tide) and layer (surface and bottom) were tested using an analysis of variance (ANOVA) followed by Tukey's post hoc multiple-comparison test. The relationships between bacterial rates (BP, BSP, BR, BSR, BCD and BGE) and several predictor variables selected from a preliminary analysis (N-NH 4 , N-NO 3 , P-PO 4 , DOC, DOM C:N and C:P ratios, DO, T, S and chl a) were analyzed using standard (including intercept) forward stepwise multiple regression. The model was executed with a tolerance of > 0.10, and residual statistics were computed in order to identify any extreme outliers. When one or several cases fell outside ± 3 times the residual standard deviation, the respective cases were excluded and the analysis was run again. Data normality was tested using a Kolmogorov-Smirnov test, and a log(x) transformation was applied in cases of lack of normality. All tests were performed using STATISTICA Version 7.0 (StatSoft).
RESULTS

Hydrology
The study was divided into 3 distinct periods based on tidal amplitude and phase regularity: (I) spring tide (first day) -with regular tidal phases (ebb/flood: 6 h) and high amplitude (1.0 m); (II) transition between spring and neap tide (second day) -when tidal phases became less regular (ebb: 7 to 8 h, flood: 4 to 5 h) and amplitude decreased (0.7 m); (III) neap tide (third day) -the lowest amplitude: 0.5 m (Fig. 3) . No differences between tidal phases (high, ebb, low and flood) were observed for the sampled variables (data not shown). However, significant variations between tidal periods (spring, transition and neap tide) and/or layers (surface and bottom) were observed for most of the variables sampled and rates measured (Tables 1 & 2) .
During spring tide (Period I), the water column was slightly thermally stratified during the first 6 h, ranging from 20.8°C near the bottom to 23.3°C at the surface, becoming homogeneous thereafter, at around 23°C. During the transition period (Period II), water temperature increased at the surface (24 to 24.5°C), reaching 25°C during neap tide (Period III), and decreased near the bottom (20°C), forming thermal stratification (Fig. 4a ). Isohalines indicated a steep decrease in salinity at the surface, from 33 at high tidal phases during spring tide (Period I) to 25.6 at low tidal phases during neap tide. Near the bottom there was only a slight increase in salinity, from 34 to 35 (Fig. 4b) . The isopycnals indicate a gradual increase in water-column stability from the first 6 h of study: lower at the middle of Period I and higher at the end of Period III (Figs. 4c & 5) .
Concentrations of nutrients, POM, chl a and BA during spring tide were equivalent in both layers, except for Si-SiO 4 , which was higher at the surface (Table 1 , Fig. 6a for BA). In the transition and neap tide periods, POM, chl a, N-NO 2 and Si-SiO 4 concentrations increased at the surface, while BA and N-NO 3 concentrations increased near the bottom. DOM concentrations were higher at the surface, with no significant difference between tidal periods, except for surface DOC concentrations, which were higher during transition and neap tide. The C:N and C:P atomic ratios of of study at the entrance to Guanabara Bay DOM were higher near the bottom (average C:N = 43 and C:P = 245) than at the surface (average C:N = 17 and C:P = 151), with no significant difference between tidal periods. The POM C:N and C:P atomic ratios (average C:N = 7.6 and C:P = 82), DO, P-PO 4 and N-NH 4 concentrations were similar in both layers and throughout tidal periods.
Bacterial carbon metabolism
Bacterial metabolic rates were highly variable in both sampled layers. BP rates were higher at the surface (0.07 to 0.36 µM C h -1 ; CV = 37%), and the highest values were detected during the spring tide period. Near the bottom, no differences between tidal periods ; CV = 51% (Table 2, Fig. 6b ). BSP rates during spring tide overlapped in both layers: 0.16 × 10 -9 to 0.60 × 10 -9 µmol C cell -1 h -1 at the surface and 0.04 × 10 -9 to 0.34 × 10 -9
µmol C cell -1 h -1 near the bottom. During the transition and neap tide periods, BSP decreased towards the bottom (0.01 × 10 -9 to 0.06 × 10 -9 µmol C cell -1 h -1 ), being significantly lower than at the surface (0.08 × 10 -9 to 0.57 × 10 -9 µmol C cell -1 h -1
). High variation in BSP was observed in both layers: CV surface = 49% and CV bottom = 111% (Table 2, Fig. 6c) .
BR rates were more variable than BP rates (0.03 to 0.71 µM C h -1 ; CV surface = 84%, CV bottom = 68%). No significant differences between tidal periods or layers were observed (Table 2, Fig. 6d ). BSR rates, also highly variable (CV surface = 78%, CV bottom = 107%), ranged from 0.03 × 10 -9 to 0.72 × 10 -9 µmol C cell -1 h -1 in both layers. No significant differences between tidal periods or layers were observed (Table 2, Fig. 6e ).
BCD was also equivalent between layers and periods: surface = 0.04 to 0.76 µM C h ; CV = 83% (Table 2 , Fig. 6f ). BGE was highly variable between layers and periods (surface: 15 to 93%; CV = 45%; bottom: 6 to 80%; CV = 77%). However, the average BGE at the surface was higher than that near the bottom: 52 and 23%, respectively (Table 2, Fig. 6g) .
PP rates were also highly variable in both layers (surface: 1.9 to 48.5 µM C h ; CV = 88%). The highest values in both layers were detected at noon (incubation period: 12:00 to 15:00 h) and the lowest at the beginning (05:00 to 08:00 h) and at the end of the day (14:00 to 17:00 h). No significant differences between tidal periods or layers were observed, despite the high PP values observed at the surface (Table 2 , Fig. 6h) .
Total POC production (BP + PP) ranged from 2.3 to 48.7 µM C h -1 at the surface (CV = 88%) and 0.1 to 1.0 µM C h -1 near the bottom (CV = 71%). BP ranged from 0.4 to 19% of PP at the surface and 5.0 to 52% near the bottom, with 2 peaks of 157 and 200% at stations sampled at 05:00 h in the spring and transition periods. BCD ranged from 2.0 to 26% of PP at the surface and 5.0 to 590% near the bottom. The DOC turnover through bacterioplankton consumption ranged from 9.3 to 50.7 d during spring tide and 8.2 to 134.6 d during transition and neap tide periods in both layers. Significant differences were found only for DOC turnover during the neap tide period near the bottom ( Table 2) .
The multiple regression models performed for bacterial metabolic rates with selected variables showed that BSP and BGE variations were directly dependent on nutrients (N-NH 4 or P-PO 4 ) and inversely dependent on DOM C:N or C:P ratios. Temperature had a positive influence on BSR and was inversely correlated to BGE (Table 3) .
DISCUSSION
The present study shows that bacterial metabolic rates were highly variable due to tidal oscillation over a short-term temporal survey at the entrance to Guanabara Bay, but that the magnitude of carbon flow through bacterioplankton differed systematically between depths. The dominance of allochthonous DOM, along with variations in temperature, were the main controlling factors of bacterial carbon metabolism at that area.
The higher water-column stability at transition and neap tide periods suggests the establishment of gravitational circulation: outflow at the surface and inflow near the bottom, as already observed in a simultaneous circulation study performed in the same area (Bergamo 2006) . The observed decrease in salinity and increase in temperature and chl a at the surface during those periods indicate the influence of the inner bay waters, where those variables have values that are typically higher than in the adjacent ocean (Valentin et al. 1999a) . Likewise, the decrease in temperature and increase in N-NO 3 concentrations near the bottom demonstrate the influence of the coastal ocean (Kjerfve et al. 1997) . During the spring tide period, stronger water-column mixing resulted in an increased homogeneity in the dissolved and particulate material, which did not vary significantly over depth, and thus no clear influence of the adjacent areas (inner bay and coastal ocean) was observed. This variation in circulation dynamics did not affect the patterns in POM and DOM elemental composition or N-NH 4 and P-PO 4 contents. The observed POM C:N and C:P ratios, similar in both layers and to phytoplankton elemental composition (Goldman 1986) , suggest the dominance of autochthonous POM throughout the water column at the entrance to the bay. This same pattern was observed using a combination of elemental and isotopic composition analyses of POM in sediment samples throughout the main channel of the bay (Carreira et al. 2002) and in the adjacent coastal ocean (Matsuura & Wada 1994) . In contrast, allochthonous POM, derived from riverine or terrestrial sources, dominates the sediment of inner bay areas (Carreira et al. 2002) . The high DOM C:N and C:P ratios observed at the entrance to the bay, especially towards the bottom, indicate the predominance of allochthonous DOM in this area (Findlay et al. 1991) . Thus, despite the high PP rates at the surface, the contribution of phytoplankton to the DOM pool, through excretion for example , β and partial r values (in parentheses below β values) for bacterial metabolic rate variations with selected variables. Significant differences at: *p < 0.05, **p < 0.01, and ***p < 0.001. Abbreviations see Tables 1 & 2 (Baines & Pace 1991), was probably lower than that from terrestrial inputs.
The allochthonous DOM, generally rich in refractory components such as humic substances, is not as easily decomposed by heterotrophic bacteria as autochthonous algal DOM exudates (Moran & Hodson 1989 , Obernosterer & Herndl 1995 . The long apparent DOC turnover times as a result of bacterial consumption, especially during transition and neap tide periods, indicates that only a small fraction of the DOM pool was consumed during the time frame of transit in the system, probably due to its chemical nature and low DON and DOP contents. Moreover, DOC concentrations and DOM C:N ratios explained, respectively, 50 and 34% of surface BSP variation. The inverse correlation between those variables and BSP indicates that, although the DOC pool is large, the quality of DOM may be limiting bacterial growth. Near the bottom, the highest BSP rates were observed at the beginning of the study period, when DOC concentrations were higher, but C:N and C:P ratios were lowest. Bacterioplankton can balance the high DOM C:N or C:P ratios through inorganic N or P uptake (Kirchman 1994) . The concentrations of N-NH 4 at the surface and P-PO 4 near the bottom explained, respectively, 41 and 37% of BSP variation. The direct correlation between those nutrients and bacterial growth suggests that bacteria may be meeting their organic N and P requirements through inorganic nutrient uptake. The importance of DOM supply and quality in regulating BGE in tropical and temperate estuarine systems has already been pointed out (e.g. del Giorgio & Cole 1998 , Ram et al. 2003 .
Besides DOM elemental composition, temperature was also an important factor regulating BGE at the entrance to Guanabara Bay. High temperatures usually accelerate respiration rates, and inverse correlations between BGE and temperature have already been observed in marine and coastal systems (e.g. Rivkin & Legendre 2001 , Apple et al. 2006 . Despite the small temperature range observed at the surface during the present study (23 to 25°C), higher temperatures led to higher BSR rates and to lower BGE.
The same range of variability in BP and BR observed here, over a short temporal scale, was found in other estuarine systems over larger temporal and spatial scales (e.g. Roland & Cole 1999 , Maranger et al. 2005 , Apple et al. 2006 . Moreover, the BGE range observed in the present study was similar to that found across different aquatic systems (e.g. del Giorgio & Cole 1998 , Rivkin & Legendre 2001 . Contrarily to the better established 3 H-leucine-based methods for BP assessment, BR estimates present several methodological difficulties. These include the long-term incubations (24 h at least) and the isolation from other plankton components and, hence, sources of organic matter and recycled nutrients (del Giorgio & Cole 2000) . In the present study, the low number of replicates constituted an additional source of uncertainty to BR measurements, compromising BGE evaluation. However, it is also possible that the observed BGE variability owes, not only to these shortcomings, but to the hydrodynamic complexity of the entrance to Guanabara Bay, and may also occur over short-term temporal scales within other complex estuarine systems. Most BGE studies to date have assessed large temporal scales, and those performed in estuarine systems have not taken into account variations due to tidal oscillations. Therefore, more studies assessing small temporal scales are needed in order to verify to what extent the variations observed between systems may reflect temporal sampling artefacts. If this is so, the use of a single BGE in those systems could be misleading (either over-or underestimated). However, if BGE values were relatively constant, even at small temporal scales, the sources of such distinct cross-system patterns should be more thoroughly investigated.
In spite of the high variability in bacterial metabolic rates, the magnitude of carbon flow through bacterioplankton at the entrance to Guanabara Bay differed between layers. Similar BSR rates in surface and bottom layers and lower BSP rates near the bottom indicate that bacterioplankton respiration was relatively uniform throughout the water column, but biomass production was higher at the surface. Therefore, while BP was equivalent to respiration at that layer (BGE = 52%), bacterial DOM remineralisation was higher than POC production near the bottom (BGE = 23%). Besides DOM composition, nutrient availability and temperature variations, which influence the bacterial energetic budget (Williams 2000), other factors not investigated in the present study can also affect the proportions of more or less active bacterial cells and, hence, BGE. This includes trophic interactions, mainly selective grazing or viral infection on larger, more active cells, and the phylogenetic composition of the bacterial community, as different taxonomic groups can present distinct patterns of organic matter and nutrient utilization under the same environmental conditions (del Giorgio & Cole 2000) . The interactions between bacterioplankton metabolism and phytoplankton production directly influenced the carbon budget in both layers. At the surface, total POC production was mainly due to phytoplankton, and the low BCD:PP ratios suggest that a small fraction of this autotrophic production was channelled, via DOC release, to bacterioplankton (Smith et al. 1995) . The high PP:BR ratio (> 50) indicates that this layer was net autotrophic, as total community respiration rates at that area of the bay were mainly due to bacterioplank-ton (Guenther 2006) . The photic layer at the entrance to Guanabara Bay was only 5 m deep, and no light reached the bottom (0.06 µE m -2 s -1 in either day or night periods). The resulting low PP at that layer was similar to BR, thus suggesting a tendency to heterotrophy.
The present study shows that the circulation dynamics at Guanabara Bay, driven by forces related to tidal amplitude, resulted in variations in nutrient and organic matter concentrations. These, in turn, affected the magnitude of carbon flow through the bacterioplankton in the surface and bottom layers and can interfere directly with the carbon cycling within the water column, as well as between the adjacent ocean and the inner bay. The transfer of the autochthonous POC and DOC produced at the surface to the bottom will depend on water-column mixing, more frequent during the spring tide period, while the carbon exchange between the adjacent areas in both layers will depend on gravitational circulation, established during the neap tide period. The high variability in bacterial metabolic rates over this short-term survey highlights the importance of high-resolution studies for understanding the carbon cycle of complex hydrodynamic estuarine systems. 
